
CHAPTER 1

Introduction & Overview

ABOUT THIS CHAPTER

This chapter will introduce you to lasers. It will give you a basic idea
of how they work, how they are used, and what their important prop-
erties are. This basic understanding will serve as a foundation for the
more detailed descriptions of lasers in later chapters.

LASERS IN FACT AND FICTION

The laser sits near the top of any list of the greatest inventions of the
last half of the twentieth century. Together with the satellite, the com-
puter, and the integrated circuit, it is a symbol of "high technology."
Like the other technologies, lasers affect our lives in many ways, and
are growing steadily in importance. Laser technology is both fascinat-
ing in itself and an important tool in fields from medicine to commu-
nications. However, few people outside the field understand it well.

Arthur Schawlow posted his sign distinguishing the "incredible"
lasers of public misconception from the "credible" lasers of his labo-
ratory in 1962. Over the years, he has given away many copies of
the poster, and it has amused many students, laser engineers and sci-
entists. Yet the basic point remains true. Too many people confuse
real lasers with science-fictional ray guns or death rays. Military
researchers have spent immense sums trying to develop laser
weapons, but so far none have reached the battlefield. After years of
research, the Pentagon backed away from plans to use high-power
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lasers to defend against nuclear attack. The only realistic uses of
laser weapons in the near future are to attack the targets most vulner-
able to light—electro-optical sensors and the human eye.

Real laser technology may not be as spectacular, but it is impor-
tant and fascinating. Lasers can send signals through miles of fiber-
optic cable, print computer output, read printed codes in the super-
market, diagnose and treat disease, cut and weld materials, and make
ultraprecise measurements. With laser light you can record three-
dimensional holograms, project bright light-show images, spot flaws
in a centuries-old painting, or play crystal-clear digital music record-
ed on a compact disc. This book will teach you how this real laser
technology works.

WHAT IS A LASER?

The word laser was coined as an acronym, for fight amplification by
the stimulated emission of radiation, and those words have special
meanings. They tell us that laser light is special light. Ordinary light,
from the sun or a light bulb, is emitted spontaneously, when atoms or
molecules release excess energy by themselves, without any outside
intervention. Stimulated emission is different, because it occurs when
an atom or molecule that is holding excess energy is "stimulated" to
emit that energy as light. Well come back to look more closely at
stimulated emission in Chapter 3.

Albert Einstein first suggested the possibility of stimulated emis-
sion in a paper published in 1917. However, for many years physicists
thought that atoms and molecules always were much more likely to
emit light spontaneously, and that stimulated emission thus always
would be much weaker. It was not until after World War II that physi-
cists began trying to make stimulated emission dominate. They
sought ways for one atom or molecule to stimulate many others to
emit light, amplifying it to much higher powers.

The first to succeed was Charles H. Townes, then at Columbia
University. He did not work with light at first, but with microwaves at
much longer wavelengths, building a device he called a maser, for
microwave amplification by the stimulated emission of radiation. He
thought of the key idea in 1951, but the first maser was not completed
until a couple of years later. Before long, many other physicists were
building masers, and trying to find how to stimulate emission at even
shorter wavelengths.

2


